A survey on current design and optimization of coupled-structural acoustic systems (OCSAS) is presented. It reinforces different terminologies and methods in this field. General concepts are shortly defined, and literatures are reviewed for further investigation. Although surveys of optimization for coupled-structural acoustic systems are common, they are frequently incomplete in terms of extensive scope general applicability to engineering design. For instance, many surveys only target determined applications while others only mention the critical literature in the field. Outcomes are drawn that represent often-neglected ideas and applicability to engineering problems. It has been found that no single approach is outstanding. On the contrary, the selection of a determined method depends on the type of knowledge that is supplied in the problem, the user's preferences, the solution necessaries, etc. Also, new emerging research fields are introduced.
Introduction
The coupling term has a great emphasis on engineering as well as many different areas. It is a term that serves to connect the ends of adjacent parts or objects [1] . In mechanical engineering, coupling provides to connect of two parts of a machine or a system. For electronic, coupling is the connection of two or more circuits together. The devices that perform the joining phenomena are called couplers [2] . In telecommunications, an acoustic coupler is an interface device for coupling electrical signals by acoustical means. Acoustic coupling refers to acoustic impedance or the degree of transmission of sound across some acoustic barrier [3] .
System is the sense of "a functionally associated group of components forming or described to collective entity" [4] . That definition uses "component" as a generic term that embodies "element" or "part", which connotes simplicity, as well as "subsystem" which connotes complexity. Felippa et al. [5] had restricted to attention to mechanical systems, and especially that importance in aerospace and mechanical engineering.
A coupled system (CS) is a system in which physical or computational heterogeneous mechanical components interact dynamically. A coupled system is characterized as two or more fields that appear in the first level decomposition [4] . Coupled systems alter between a lot of operating modes where each mode is administered by its own characteristic dynamical laws [6] . The scholarly literature of coupled systems with coupled disparate qualification fields covers almost all branches of science [7] , for instance, biological sciences, chemistry and chemical engineering, astronomy, earth and planetary sciences, computer science, engineering, energy and technology, environmental sciences, life sciences, materials science, mathematics, medicine, etc. The interest in examining unified systems as a new qualitative system has been multiplying exponentially over the last few years due to theoretical difficulties that have arisen in the study of such systems [7] . Felippa et al.
[4] performed a study on the use of partitioned analysis procedure for the analysis of coupled dynamical systems. In that study, they focused on computational simulation of systems in which structure is a major component.
The analysis of structural-acoustic systems (SAC) is an ongoing and evolving hotspot of active research fields. There are many practical problems are characterized by an internal structural-acoustic system, which contains an air-filled cavity and some flexible boundaries. Since the introduction of the energy formulation by Gladwell et al. [8] , the structural-acoustic systems have been extensively enquired. Various numerical methods and techniques such as the finite element method (FEM) [9] , the boundary element method (BEM) [10, 11] , the statistical energy analysis (SEA) [12] and the energy finite element method (EFEM) [13] have been used in the response analysis of structural-acoustic systems. Many real-world structural-acoustic systems are subject to indiscriminate excitations, and thus random response analyses of such systems are necessary [14] . For instance, in automotive design, lots of efforts have been made in reduction interior wind noise rising from the airflow around the vehicle [15] . The interaction between a flexible vibrating structure and a closed space is of great interest to researchers in different fields, such as vehicle compartments, aircraft and ship cabins [16] . Peretti et al. [17] gave a review to investigate the vibroacoustic behavior of such systems, such as modal interaction of coupled structural-acoustic systems. Some experimental studies had indicated that coupling between the structure and the acoustic field can be significant. Typical examples of coupled structural-acoustic systems are automobile compartments or aircraft cabins where the interior noise couples with part or all the body or fuselage structure [18] . In aerospace applications, the boundary layer of the external airflow results in an indecisive pressure on the fuselage and the noise is thus transmitted into the internal areas [19, 20] . For road and aerospace vehicles noise, vibration and harshness are very important issues. There are many factors that affect this condition. One of the reasons for this situation is coupling. The coupling between a structure and an internal or external acoustic medium cause of these condition. The magnitude of the structural noise strongly influences the habitability, comfort, and perceived quality of these vehicles. [21] . Because of this, particularly for aerospace vehicles an elevated level of vibration and noise can cause structural fatigue damage. In many cases, the airplanes or other aerospace vehicles must meet strict vibroacoustic standards [22] .
The coupled structural-acoustic system can be a reasonable issue in many engineering occasions, which are consisted of an acoustic space and a flexible wall surface. Studies on structural-acoustic coupling have been comprehensively fulfilled [23] . Dowell et al. [24] had tried to analyze the effect of a cavity on panel vibration. Lyon [25] , had studied the noise reduction of a rectangular enclosure with one flexible wall. Pretlove [26, 27] had studied the effect of a closed cavity on the vibrations of a bounding flexible panel. Former studies had aimed at improving the understanding of sound transmission through panels [28] . Coupled acoustic-structural problems are particularly significant issues in the engineering fields, where the vibrating exterior structures induce interior noise, such as aerospace, automobile, and marine [29] . Numerical methods have been used comprehensively to forecast sound level of the acoustic-structural systems [30] [31] [32] . These methods set sight on mainly on calculating the deterministic frequency response of the coupled acoustic-structural systems subjected to the deterministic excitations. After all, the coupled acousticstructural systems depending on stochastic excitations are also frequently existent in the engineering applications [33] [34] [35] . Over the past three decades, the studies about such random analysis methodologies have received special attention [29] . Using the distributed piezoelectric actuators, the inner noise in a three-dimensional car cabin was minimized. In that study, two issues about the interior noise active control were discussed. The first of these were the modeling technique. Modal synthesis method had been used to establish the governing equations of motion of the fully coupled acoustics-structure-piezoelectric patch system using modal frequencies, damping and mode shapes of a structural and an acoustical system which appear in the frequency range of interest. The other issue was the optimization of piezo actuator's positions. A new response surface methodology MPOD (most probable optimal design) based on holographic neural network, proposed by the authors had been applied to solve the global optimal positions of piezoelectric patches [36] . Optimization techniques have so far been used for structural-acoustic purposes. However, Maburg et al. [37] have done a study that describes a general approach of utilizing optimization procedures in vehicle noise, vibration and harshness problems. First, they started with a review of structural-acoustic optimization. Then, the noise transfer function including structural harmonic analysis, acoustic influence coefficients and their coupling was described. They have followed by some remarks on the optimization process, discussing objective functions, useful design parameters and sensitivity analysis. Two examples including a hat-shelf and a floor structure has been presented in the application section.
In this paper, a brief review will be done to learn the background of structural acoustic design problem. Various approaches of design optimization of structures with respect to their vibroacoustic and acoustical radiation properties will be presented. At the end, some promising research areas which are still on demand in the field will be presented.
Survey of optimization on coupled-structural acoustic systems

Methods of optimization for coupledstructural acoustic systems
Aircraft noise has become a significant factor that endangers public health and acoustic navigability. Decrease the noise and optimizing the structuralacoustic system in an influential way is of great significance [38] . Because of the uncertainties existing in the structural or acoustic parameters, traditional deterministic optimization may be impossible when the parameters are subject to fluctuations. When the structural or acoustic parameters have an uncertainty, the design sketch acquired from the deterministic optimization may be beyond the scope of the method. In structuralacoustic coupled systems, some ambiguous factors are inevitably in nearly all structures due to the randomness of loading conditions, material properties and simulation modelling [39] . Therefore, they had to develop an optimization method that could consider the uncertainties in the related parameters. To complete successfully this, they proposed a robust optimization method of structural-acoustic coupled systems with random parameters based on the traditional optimization method [38] . Two methods of robust optimization for structural-acoustic systems are introduced to comprise the goal function robustness and the constraint condition robustness. The multiobjective optimization problem was transformed into a single objective problem using a weight factor. The results of the two numerical examples illustrate the efficiency of the proposed robust optimization method [38] . Robust optimization is a practicable method for being interested uncertainties and it has been widely used in structural design optimization. Taguchi [40] originally recommended a robust design concept to conduct the uncertain optimization problem. Kang et al. [41] studied the nonlinear structural robust design problem using the perturbation-based stochastic finite element analysis incorporating structural optimization techniques. Chen [42] introduced the basic concept, mathematical specification and implementation process of the six sigma-based robust design optimizations. Xiao et al. [43] examined dynamic problems by optimizing the integrity and constraint conditions of the objective function. Zhang et al. [44] presented a robust optimization design method for the advanced grid composite cylindrical crust with initial-failure. Wang et al. [45] negotiated the trustworthiness, optimum design, trustworthinessbased optimization and robust optimization for laminated composites.
Some scientist has studied the structuralacoustic optimization problem. Structural-acoustic optimization frequently takes the minimum structural weight as an objective function and the acoustic pressure at the design field points and either the total acoustic radiation pressure of the structures as or the minimum acoustic intervention as an objective while the structural weight as the constraint condition [22] . Zhang et al. [46, 47] executed the optimal geometric design of the structures to minimize the acoustic pressure at positions and frequencies of interest using the feasible direction method and the acoustic interference characteristics were utilized-based on the 3-D FEM model with the direct method. The aim of work by Wang et al. [38] was to apply the robust design method to structural-acoustic systems to appraise the situation the uncertainties in the structural or acoustic parameters. The main goal of them the robust optimization was to decrease the sensitivity of the random variables and to develop the structural and acoustic performance. In that study, two robust optimization methods of structural-acoustic coupled systems were established. Deterministic optimization and robust optimization were compared, and the results demonstrate the advantage of the robust optimization [38] . Dammak et al. [48] had studied an analytical formulation and numerical implementations of the response of the coupled structure-acoustic system were implemented. The acoustic pressures inside the cavity as well as the plate displacement were analyzed. That study is combined with a probabilistic analysis to account for variability of different parameters, considered as random variables, which are material properties. A reliability based design optimization (RBDO) using the generalized polynomial chaos (gPC) is addressed. To reduce the computational cost of the classical approaches of RBDO problem, the optimum safety factor (OSF) method coupled with the gPC procedure is applied to the coupled acoustic-structure systems.
Reduction of noise and vibration in powertrain systems
Vibration, noise and harshness are one of the primary features in a passenger car [49] . One of the key sub-systems be in for VNH behavior of a car is the Powertrain Mounting System (PMS). The difficulty in designing a PMS is how to designate the stiffness and the damping of the mounts and how to appropriately establish them in a vehicle to control the motion of the powertrain, to decrease the vibration of the powertrain beneath excitation of ground and to seal off the vibration of engine transmitted to car body or subframe [50] . The recipients of a passenger car perceive noise and vibration usually at the cabin where the vibrations at seat track or steering wheel and the noise at ear side. How to constitute the mount locations and stiffness and damping to meet the necessity of vibration and noise at the cabin is that a challenging task for the PMS design engineers Gear motion leads to gear-rattling noise and gearclattering noise, and a low noise level is necessary for high comfort in the automotive design. Consequently, decrease gear-rattling noise and gear-clattering noise in the automotive transmission is necessity to augment the comfort level in car design [56] . The main transmission noises are rolling contact noises of gear pairs that under load, which can be defined as whining noises. Tooth toughness changing with the intertwine position causes the whining noises. A second kind of noise is gear-rattle noise, which may consist of with automotive transmissions if uncharged gear wheels are excited by torsional vibration [56] . Optimization of the macro-geometry with a high contact ratio for the toothed gears results in a reduction in noise levels. Optimization of microgeometry for gear teeth with profile corrections usually results in lower transmission noise [57] . Bozca [56] studied to reduce the gear-rattle noise of the five-speed manual gearbox, which is used in automotive transmissions, by minimizing the transmission error. Reducing gear-rattling noise in an automotive transmission gearbox, it is probable to attain a comfortable car design that is susceptible to the environment and humans.
Reducing noise of internal combustion engine
Internal combustion engine noise has drawn attention since it is associated with the passengers' and pedestrians' discomfort, as a fact that has been acknowledged by the manufacturers and the legislation in many countries [58] . There are three primary sources of noise generation in a diesel engine such that gas-flow, mechanical processes, and combustion [59-61]. Jung et al. [62] investigated the source of the combustion noise of diesel engines. In the refinement of exhaust emission and combustion noise, it must be optimizing the injection parameters at the cell where engine noise cannot be measured to figure out this problem, it is essential to identify a method for progressive combustion noise through incylinder pressure measurement. Gazon et al. [63] studied the outcome about the impact of engine coolant temperature and injection timings on the combustion operate and on the combustion noise at idle condition They used a modern direct injection Diesel engine equipped with a common-rail injection system and piezoelectric injectors. They found that the combustion noise is precision to both the coolant temperature and the dwell time among the pilot and the main injection [63] . The combustion noise reaches its maximum level when the combustion of the pilot injection occurs at Top Dead Centre (TDC) [63] . Optimization of combustion noises and exhaust gas emissions is often carried out up to the part load and the low revolution middle speed. The calibration required to generally meet the desired exhaust gas emission level may cause an increase in the combustion noise on the part load.
Optimization of muffler for decreasing exhaust gas noise level
A muffler is a significant part of an engine system used in the exhaust system to decrease the exhaust gas noise level. In a series of publications by Ranjbar et al. , various researches on vibration design of multibody systems, vibroacoustic optimization of shell and sandwich panels, and acoustic design and optimization exhaust systems were presented. The main concept was to optimize the system with respect to its noise radiation characteristics. They showed that multidisciplinary engineering design optimization of structures is an emerging research field.
Noise, harshness and vibration optimization of hybrid and electric vehicles
Vehicles bedecked with internal combustion engine (ICE) have been in presences for over a hundred years. Despite ICE vehicles (ICEVs) are being improved by modern automotive electronics technology, they need a major change to considerably develop the fuel economy, decrease the emissions, noise and vibrations [96] . Electric vehicles (EVs) and hybrid EVs (HEVs) have been described to be the most practicable solutions to substantially solve the problems in association with ICEVs [97] . At low speeds, an electric vehicle is very quiet and does not generate harmful emissions when compared to a gasoline or diesel-powered vehicle [98] [99] [100] . In the past few years, utilization of Hybrid Electric Vehicles (HEVs) has considerably escalated due to the boosting damage in the global environment [101] . When promotion modern technologies, the manufacturers are facing rigorous customer expectancies regarding sound and comfort quality, dynamics and drivability of the vehicle. Furthermore, HEVs are well known as straight and silent drives, but owing to rising in complexity, extra vibro-acoustic effects may concern the design of vehicle behavior. With the absence of an Internal Combustion Engine (ICE) masking properties, noise and vibration (N&V) effects, which are of low significance in traditional drivelines, may become important matters in a HEV. To accomplish these issues, significant amount of research and development has been implemented in the field of modeling, simulation and control of hybrid powertrain systems [102] . Parmar et al. [103] presented a detailed analysis of the starting behavior of a micro/mild hybrid vehicle with Crankshaft Starter Generator (CSG). Sound quality of electric traction motors replacing the ICE in hybrid/electric vehicles is in detail unexplored area. The signature sound from automotive emotors, usually permanent magnet synchronous motors (PMSM), is fully dissimilar from ICEs. Besides being in general quieter, they are described by multiple high-frequency tonal ingredient originating from harmonics of the electromagnetic force waves representation on the stator housing. High frequency tones visible in a broad band mix of sound has been found to be sense as disturbing in many varied situations. Parizet et al. [104] showed that perceived unpleasantness increases with increasing level and frequency for pure tones ranging from 150 to 2900 Hz appearing in on an equal basis masking noise. For automotive practices, Lennström et al. [101] found that an increase in levels of individual high frequency ingredient (>1kHz) resulted in higher rating in perceived annoyance, sharpness, aggressiveness and powerfulness and also lowered the impression of entire sound quality satisfaction [105] . That paper presented a more elaborate study on the relation between practical measures of e-motor tones appearing in a mix of random noise from tires and wind and the perceived annoyance.
Conclusions
A brief review on the design and optimization of coupled-structural acoustic systems was explained. Their engineering applications were clarified briefly. Various applications were explained. The noticeable issues can be summarized as:
• Design optimization methods have gained wide attention in literatures.
• Uncertainties in structural-acoustic coupled systems are inevitable.
• The robust design methods were used to appraise the uncertainties in the structural or acoustic parameters.
•
The application of metamaterials with negative Poisson ratios in vibration and vibroacoustic designs will be an emerging field.
• Design of novel sandwich panels with Auxetics cores is an ongoing research, especially for aerospace applications where high frequency ranges are important.
The optimum design of large-scaled mufflers and exhaust systems for industrial applications will be more on demand. Trade-off among mechanical properties and energy consumption in multi-pass friction stir processing of al 7075-t651 alloy employing hybrid approach of artificial neural network and genetic algorithm. Proceedings of the Institution
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